Background: Many cancer survivors experience declines in health-related quality of life (HRQOL) and increases in fatigue as a result of cancer and its treatment. Exercise is linked to improvements in these outcomes, but little is known about the role of sedentary behavior. In a large, ethnically-diverse cohort of breast cancer survivors, we examined the relationship between sedentary time, HRQOL, and fatigue, and examined if that relationship differed by recreational moderate-vigorous physical activity (MVPA) level. Methods: Participants were 710 women diagnosed with stage 0-IIIA breast cancer in the Health, Eating, Activity, and Lifestyle Study. Women completed questionnaires at approximately 30-months postdiagnosis (sedentary time; recreational MVPA) and 41-months postdiagnosis (HRQOL; fatigue). In multivariate models, we regressed these outcomes linearly on quartiles of daily sedentary time, and a variable jointly reflecting sedentary time quartiles and MVPA categories (0; >0 to <9; ≥9 MET-hrs/wk). Results: Sedentary time was not independently related to subscales or summary scores of HRQOL or fatigue. In addition, comparisons of women with high vs. low (Q4:Q1) sedentary time by MVPA level did not result in significant differences in HRQOL or fatigue. Conclusion: In this breast cancer survivor cohort, self-reported sedentary time was not associated with HRQOL or fatigue, 3.5 years postdiagnosis.
Improved prognosis based on early detection and new treatments for breast cancer has resulted in more than 2.5 million women living with a personal history of breast cancer in the United States. 1, 2 As a result of cancer and its treatment, this growing population of cancer survivors face persistent physical and psychological challenges. 3 For example, even 5 years after diagnosis, many survivors still experience impaired physical functioning, 4, 5 psychosocial distress, 6, 7 and fatigue, 8 the latter of which is often reported as the most frequent and distressing cancer symptom. 9 Cancer diagnoses may prompt survivors to seek lifestyle change to improve long-term physical and psychological health and reduce dysfunction. 10 Thus, it is important to understand modifiable factors that may impact these outcomes to develop better interventions for survivors.
There is strong evidence that exercise after a breast cancer diagnosis can improve survivors' HRQOL and fatigue. [11] [12] [13] Less attention has been paid to sedentary time-prolonged periods of sitting or reclining without whole body movement like television watching. Many long-term breast cancer survivors not only fail to get enough exercise [eg, recreational moderate-vigorous intensity physical activity (MVPA)] 14 but also spend the majority of their time sedentary. 15 Being that too much sitting is increasingly becoming known as a distinct health behavior 16 with its own negative health effects, 17 there is a need for research in this area to inform behavioral interventions for survivors.
We previously reported that in the Health Eating Activity and Lifestyle (HEAL) study of breast cancer prognosis, 3 years after diagnosis, higher postdiagnosis recreational aerobic MVPA was associated with better HRQOL outcomes (including physical functioning, 18 vitality, 19 social functioning 19 ) and less fatigue. 18 There is little known about the independent role sedentary time might have in affecting these outcomes among cancer survivors. The only study to date observed a inverse relationship between television watching time and HRQOL among colorectal cancer survivors. 20 
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To build on our previous research in the HEAL study 18, 19 and address this gap in the literature regarding sedentary behavior among breast cancer survivors, we investigated relationships between sedentary time, independently and stratified by recreational MVPA level, and subsequent HRQOL and fatigue among women with early-stage breast cancer.
Materials and Methods
Study Participants
The HEAL study is a multiethnic prospective cohort study that has enrolled 1183 women with first primary breast cancer drawn from Surveillance, Epidemiology, and End Results (SEER) population-based cancer registries in New Mexico, Los Angeles County, and Western Washington. The study was designed to determine whether lifestyle, hormones, and other exposures affect breast cancer prognosis. Details of the study have been published. [21] [22] [23] We obtained written informed consent from all study participants. The study was approved by the institutional review board at each participating center, in accord with assurances filed with and approved by the US Department of Health and Human Services.
In New Mexico, we recruited 615 women age 18 years or older, diagnosed with in situ to regional breast cancer between July 1996 and March 1999, and living in Bernalillo, Santa Fe, Sandoval, Valencia, or Taos counties. In Western Washington, we recruited 202 women between ages 40-64 years, diagnosed with in situ to regional breast cancer between September 1997 and September 1998, and living in King, Pierce, or Snohomish counties. The age range for the Washington patients was restricted due to other ongoing breast cancer studies. In Los Angeles County, we recruited 366 black women diagnosed with in situ to regional breast cancer between May 1995 and May 1998 who had participated in the Los Angeles portion of the Women's Contraceptive and Reproductive Experiences (CARE) Study or who had participated in a parallel case-control study of in situ breast cancer. The Women's CARE Study restricted eligibility to women ages 35-64 years at diagnosis.
Data for the current study derive from 3 self-report assessments of the HEAL cohort, at 6 months, 30 months, and 41 months postdiagnosis. A total of 819 participants completed the 41-month assessment. We excluded women who may have been receiving treatment for subsequent recurrences or new primaries that occurred before the 41-month assessment (n = 58), because active treatment may be associated with changes in sedentary behavior, physical activity, and the physical symptoms in which we were interested. We further excluded women missing data on sedentary behavior (n = 3), diet (n = 12), and body mass index (BMI; n = 36). Our final sample included 710 women.
Data Collection
HRQOL and Fatigue. At approximately 41-months postdiagnosis, we measured HRQOL using the SF-36 health survey, version 1, a 36 item, valid, and reliable short-form instrument 24, 25 that is widely used among medically ill and healthy populations. 26 The SF-36 yields 8 subscales (physical functioning, role-physical, bodily pain, general health, social functioning, role-emotional, mental health, vitality) and 2 component summary scores (physical and mental). For all scales, a higher score represents better functioning and well-being. All scales are standardized on a T-score metric, with a score of 50 representing the U.S. general population average (SD = 10).
Given fatigue's complex, subjective, multicausal, multidimensional nature, 27 we measured fatigue using the Piper Fatigue Scale 28 which has been shown to be a reliable and valid measure of subjective fatigue. 22 The 22 items were coded into 4 scales, each with a range of 1-10): 1) behavioral severity: the observable behavioral changes in activities of daily living resulting from fatigue; 2) affective meaning: the emotional meaning attributed to fatigue; 3) sensory: the physical symptoms of fatigue; and 4) cognitive/mood: the mental and emotional symptoms related to fatigue. We changed the response time frame to assess fatigue over the past month rather than the past week to minimize the effect of acute situational events and to enhance our assessment of each survivor's general state of fatigue. The scale's 4-factor structure was confirmed in the HEAL cohort (Cronbach's alphas for the subscales ranged from 0.92-0.97).
Sedentary Behavior. At the 30-month assessment, participants reported the number of hours they spent sitting while watching television or videos and while engaging in other sedentary pursuits (0, <1, 1-2, 3-4, 5-6, 7-8, 9+) during a typical 24-hour period on weekdays and weekends in the past year. To create an overall variable for continuous sitting time/day, we used the following formula [(weekday median daily time spent watching television + weekday median daily time spent in other sedentary pursuits) × 5/7 + (weekend median time spent watching television + weekend median time spent in other sedentary pursuits) × 2/7)]. We classified daily sedentary time into quartiles (Q1-Q4). We did not have direct evidence of validity or reliability of the sedentary behavior questions we developed and asked.
Physical Activity. Given the associations we previously observed in HEAL for recreational MVPA with physical functioning 18 fatigue, 18 vitality, 19 and social functioning 19 we chose to focus on the recreational domain of MVPA for this analysis. At the 30-month assessment, we collected information on aerobic recreational MVPA in the last year using the Modifiable Activity Questionnaire developed by Kriska which has high validity and reliability. 29 Participants reported the type, duration, and frequency of recreational physical activities in a typical week in the past year (eg, brisk walking, biking, dancing, swimming, jogging, etc.). We classified each activity according to its corresponding metabolic equivalent of task (MET) value in the "Compendium of Physical Activities." 30 For all activities with MET values ≥ 3, we summed the products of activity MET values and hours spent in each activity to arrive at MET-hrs/week spent in MVPA for each participant. For joint association analyses, similar to Irwin et al, 31 we classified recreational physical activity into 3 categories (inactive: 0; somewhat active: >0 to <9; active: ≥9 MET-hours/week), with 9 MET-hours/week approximately equal to 150 min/week of moderate-intensity physical activity, and meeting the general population guidelines for health promotion. 32 Additional Risk Factors. Height was measured 6-months postdiagnosis and weight at 30-months postdiagnosis. BMI was calculated as weight (kg)/ height (m 2 ) and was categorized into the World Health Organization's (WHO) BMI categories (underweight: <18.5; normal: ≥18.5 to <25; overweight: ≥25 to <30; obese: ≥30 to <40; very obese: ≥40 kg/m 2 ). Because diet quality was associated with physical and mental functioning in HEAL, 23 we considered diet in this analysis. At the 30-month assessment, women completed a 122-item self-administered food-frequency questionnaire (FFQ) developed and validated for the Women's Health Initiative. 33 New Mexico participants reported their usual dietary intake for the previous year, whereas participants at the other 2 centers reported usual intake for the previous month. We measured diet quality with the Healthy Eating Index-2005 34-37 which aligns with the U.S. Dietary Guidelines for Americans-2005 and uses an energy-adjusted density approach. 38 For each participant, we scored each component, calculated a total score (100 possible points), and classified scores into quartiles.
For participants' breast cancer diagnoses, disease stage was obtained from cancer registry records, and detailed information on treatment and surgical procedures was obtained from cancer registry, physician, and hospital records. At 6-months postdiagnosis, information was collected on recruitment site, date of birth, race, and education level. At the 30-month assessment, participants reported current use of tamoxifen, antidepressants, and antianxiety medications. They also reported physician-diagnosed medical conditions and whether any of their current activities of daily living were limited by any of these conditions. A comorbidity summary score was generated based on the number of activity-limiting comorbidities (0; 1; ≥2). Also at the 30-month assessment, participants reported their employment status and current smoking status. Menopausal status at 30-months postdiagnosis was determined from medical records, hormone levels, and questionnaires. We considered each of these potential confounders in model development.
Statistical Analysis
We calculated means, standard deviations, and frequencies of demographic, clinical, and health behavior characteristics of our study population by quartiles of daily sedentary time.
In multivariate linear regression models, we regressed self-reported HRQOL and fatigue on quartiles of daily sedentary time and a combined variable jointly reflecting quartiles of daily sedentary time and MET-h/ week MVPA (0; >0 to <9; ≥9) . We calculated adjusted least square means for all HRQOL subscale and summary scores as well as fatigue scores. We controlled for confounders that improved model fit for any outcome and changed the magnitude of the beta coefficients by at least 10% (postdiagnosis MVPA, postdiagnosis diet quality, number of activity-limiting comorbidities, postdiagnosis BMI, antidepressant use, menopausal status, and race). Age and treatment did not qualify as confounders but were retained in our models for comparability with the literature, and their inclusion did not alter estimates obtained. We also analyzed data only among women diagnosed with invasive breast cancer (n = 533), and associations were similar, so we report on the entire sample (n = 710).
In analyses of sedentary time, we also explored whether any observed associations differed by MVPA, BMI, or race/ethnicity, by examining likelihood ratio tests for the interaction of sedentary time with these factors (alpha = .05) and the difference in model fit of full and reduced models.
All statistical analyses were conducted using SAS (version 9.2, Cary, NC) and used an alpha of 0.05.
Results
Women with higher daily sedentary time were more likely to be White, have higher BMIs, have lower recreational MVPA, and not be current users of antidepressants (Table 1) . Sedentary time was only weakly correlated with recreational physical activity (r = .09; data not shown). Women with higher sedentary time did not have significantly different scores for self-reported overall physical HRQOL (P trend = 0.771), physical functioning (P trend = 0.513),role-physical (P trend = 0.719), bodily pain (P trend = 0.352), general health (P trend = 0.530), overall mental HRQOL (P trend = 0.703), vitality (P trend = 0.744), social functioning (P trend = 0.625), role-emotional (P trend = 0.936), mental health (P trend = 0.724), or dimensions of fatigue (behavioral severity: P trend = 0.180; affective meaning: P trend = 0.988; sensory: P trend = 0.828; cognitive: P trend = 0.738; Table 2 ). The associations between sedentary time, HRQOL and fatigue among survivors did not differ by recreational MVPA level (Tables 3 and  4) or by BMI or race (data not shown).
Discussion
Our study fills an important gap in the literature by investigating how self-reported sedentary time, both independently and stratified by physical activity level, relates to subsequent HRQOL and fatigue among breast cancer survivors. Our data suggest that self-reported sedentary time is not independently related to long-term survivors' HRQOL or symptoms of fatigue. Further, the null associations between sedentary time, HRQOL, and fatigue did not vary by recreational MVPA level. It is important to understand findings within the context of established cut-offs as well as existing literature. Different criteria have been used in the literature to indicate the minimally important difference (MID) in the SF-36 necessary to signify a meaningful or clinical effect. 39 Cohen's criteria suggest that a small effect is indicated by a 0.20 SD and a 0.50 SD is a medium effect size. 40 There is support in the literature that MIDs fall within this range. 41, 42 We observed between 0.1 and 0.7 point differences in HRQOL scores for those in Q4 vs. Q1 of sedentary time. Not surprisingly, these nonsignificant differences are also not meaningful. There are no published guidelines on MIDs for the Piper Fatigue Scale, but differences in fatigue scores for those in Q4 vs. Q1 of sedentary time were small (0-0.3) and nonsignificant. Among older adults without cancer, gradual and inverse relationships have been observed between sedentary behavior and scores on most of the SF-36 scales. 43 Being that these outcomes were not related to sedentary time but were strongly related to recreational MVPA among HEAL breast cancer survivors, 18, 19 it is possible that after cancer and its treatment, recreational MVPA has stronger effects than sedentary time on biologically-relevant pathways affecting physical and mental health.
Key strengths of this study included our large, diverse group of survivors recruited through populationbased cancer registries, comprehensive data on covariates related to sedentary behavior and our outcomes of interest, and validated, commonly-used self-report outcome measures. It may be that the multidimensional Piper fatigue scale captures a different construct than do the 4 items on vitality subscale of the SF-36, and our study had the advantage of looking at both of these constructs for the first time in relation to sedentary behavior.
The results of this study should be interpreted in the context of its limitations. Our results are only generalizable to women who have completed treatment, survived at least 41 months after diagnoses of breast cancer, and have similar demographic, clinical, and behavioral characteristics. Due to the study design, we were also not able to capture whether participants' active and sedentary behavior changed between the 30-month postdiagnosis exposure assessment and the 41-month postdiagnosis outcome assessment, nor whether their HRQOL or fatigue changed in that timeframe.
If a weak or moderate association between sedentary behavior and these cancer-related comorbidities truly exists, there are a few explanations for our null results. First, measurement error from misclassification of self-reported sedentary behavior may have precluded us from observing a moderate or weak association. Our measure of sedentary behavior assessed only time spent television/video watching and time spent in all other sedentary pursuits. While the former may account for up to 50% of sedentary time 44 and is the most common domain measured in the literature, 45 the latter may be cognitively challenging for participants to recall. Second, like most studies, we chose to assess HRQOL and fatigue using patient self-administered questionnaires, 26 and it is possible that sedentary behavior might have a different association with objectively-measurable aspects of HRQOL, like physical functioning.
Third, sedentary behavior may not have as strong of a role, independently or jointly, in reducing the risk of physical or mental comorbidities 41 months into the cancer experience as it might in the acute period during or after treatment. In HEAL, survivors reported substantially worse physical functioning than the general population, 46 and a large proportion of survivors (40%) reported experiencing fatigue. 47 Nevertheless, if HRQOL and symptoms are worse during or right after treatment, the relationship between sedentary behavior and outcomes may differ by timing along the cancer continuum and we were not able to examine this in our study. Last, a ceiling effect could also explain our null findings, as survivors in our study did not score extremely poorly on HRQOL or fatigue measures.
Even if sedentary time is not a strong predictor of HRQOL or fatigue, it remains possible that it might be an important, independent indicator of other health outcomes after cancer, like survival and metabolic biological factors associated with survival. Among adults without cancer, irrespective of participation in MVPA, higher levels of objectively-measured sedentary time have been associated with biomarkers of postmenopausal breast cancer risk-BMI, waist circumference, C-reactive protein, fasting insulin, and insulin resistance 48 -and mortality. [49] [50] [51] [52] Among a nationally representative sample of breast cancer survivors, objectively-measured sedentary behavior has been associated with overall and abdominal obesity. 15 In this cohort of breast cancer survivors, self-reported sedentary time was not associated with HRQOL or fatigue, 3.5 years postdiagnosis. To improve our understanding of public health benefits for survivors associated with reducing sedentary time, longitudinal studies on this topic are needed. Future research may benefit from recruiting survivors with poorer HRQOL, including validated self-report measures of sedentary time that span multiple domains (home, workplace, transportation, social settings), and complementing self-report questionnaires or recalls with objective monitoring of sedentary time.
